A novel, red-pink-pigmented strain, designated R2-4 T , was isolated from a till sample near Ny-Alesund, Svalbard Archipelago, Norway. Cells were aerobic, Gram-stain-negative and rod-shaped. Growth occurred at 4-30 6C (optimum, 20-22 6C), at pH 6.0-9.0 (optimum, pH 7.0) and with 0-1 % NaCl added to R2A agar. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain R2-4 T belonged to the genus Hymenobacter. 
The genus Hymenobacter was first described by Hirsch et al. (1998) and this description was later emended by Buczolits et al. (2006) . Members of the genus contain menaquinone-7 (MK-7) as the major respiratory quinone, possess isoand anteiso-branched C 15 fatty acids, the unsaturated fatty acid C 16 : 1 v5c and summed features 3 and 4 as the major fatty acids, and have DNA G+C contents in the range 55-65 mol%. At the time of writing, the genus Hymenobacter contained 25 recognized species: Hymenobacter roseosalivarius (Hirsch et al., 1998) , H. actinosclerus (Collins et al., 2000) , H. aerophilus (Buczolits et al., 2002 ), H. chitinivorans, H. norwichensis, H. gelipurpurascens and H. ocellatus (Buczolits et al., 2006) , H. rigui (Baik et al., 2006) , H. xinjiangensis (Zhang et al., 2007) , H. psychrotolerans (Zhang et al., 2008) , H. soli (Kim et al., 2008) , H. deserti , H. daecheongensis (Xu et al., 2009 ), H. metalli, H. flocculans and H. perfusus (Chung et al., 2010 ), H. antarcticus, H. algoricola, H. fastidiosus, H. elongatus and H. glaciei (Klassen & Foght, 2011) , H. psychrophilus (Zhang et al., 2011) , H. yonginensis (Joung et al., 2011) , H. ginsengisoli (Hoang et al., 2013) , H. arizonensis (Reddy & Garcia-Pichel, 2013) and 'Hymenobacter tibetensis' ) without a validly published name.
Strain R2-4 T was isolated from a till sample collected from the foreland of a high Arctic glacier, Midtre Lovénbreen (78 u 53.7049 N 12 u 05.2629 E) near the settlement NyAlesund in the Svalbard Archipelago, Norway. Sampling of glacial foreland was performed by using clean surface-sterilized tools. Samples taken from the surface were collected and transferred into sterile polypropylene bags. The larger gravel was removed before samples were taken. The samples were kept frozen on ice during transport to the laboratory and stored at 4 u C until used. Isolation was carried out using the standard dilution plating method on R2A agar (Becton, Dickinson and Company; BD) at 4 u C. The novel strain was routinely cultured on R2A agar and stored following lyophilization.
Sequencing of the 16S rRNA gene of strain R2-4 T was carried out as described by Weisburg et al. (1991) . The 16S rRNA gene sequence (1393 bp) was obtained using the universal bacterial primers 27F and 1492R and subjected to comparative analysis. Sequence similarity was investigated using NCBI BLAST and pairwise alignment was calculated using the EzTaxon database (Chun et al., 2007) . Phylogenetic analysis was performed by using the software package MEGA version 4.0 (Tamura et al., 2007) after multiple alignment of the data via CLUSTAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971) methods. Evolutionary distances for the neighbour-joining algorithm were calculated with Kimura's two-parameter method (Kimura, 1980) and the topology of the neighbour-joining tree was evaluated by bootstrap analysis on the basis of 1000 replications (Felsenstein, 1985) . Close-neighbour-interchange (search level52, random additions5100) was applied in the maximum-parsimony analysis.
Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain R2-4 T was affiliated to the genus Hymenobacter, and formed a robust clade with H. metalli A2-91
T , H. flocculans A2-50A T and H. ginsengisoli DCY57 T in the neighbour-joining tree (Fig. 1) . The overall topology of the maximum-parsimony tree was essentially the same (data not shown). Levels of 16S rRNA gene sequence similarity between strain R2-4 T and the type strains of recognized species of the genus Hymenobacter (88.24-96.05 %) were below the 97.0 % threshold recommended for the discrimination of separate bacterial species (Stackebrandt & Goebel, 1994) . Based on the phylogenetic data, strain R2-4 T could not be assigned to any recognized species of the genus Hymenobacter. H. metalli A2-91 T , H. flocculans A2-50A T and H. ginsengisoli DCY57 T were used as reference strains for subsequent comparisons.
Growth was evaluated at 22 u C on several standard bacteriological media (all from BD): R2A agar, 0.56R2A agar, marine broth 2216 (MB) agar, trypticase soy broth (TSB) agar and nutrient agar (NA). Gram-staining of cells was carried out according to the classical Gram-stain procedure described by Doetsch (1981) . Growth at different temperatures (0, 1, 2, 3, 4, 10, 18, 20, 22, 25, 28, 30, 37 and 42 u C) was investigated on R2A agar for up to 2 weeks. The pH range for growth was determined in R2A broth at pH 4.0-11.0 (in increments of 1.0 pH unit) by addition of buffer solutions (Na 2 HPO 4 or NaH 2 PO 4 ). Salt tolerance was tested on R2A agar supplemented with 0, 0.5, 1, 2, 3, 4 and 5 % (w/v) NaCl for 2 weeks at 22 u C. Growth under anaerobic conditions was tested on R2A agar in a GasPak (Oxoid) jar at 22 u C for 1 month. Gliding motility was investigated as described by Bowman (2000) . Cell morphology was examined by phase-contrast (BX51; Olympus) and transmission electron (Philips-FEI Tecnai G2 20 TWIN) microscopy using cells grown for 48 h at 22 u C on R2A agar. Oxidase activity was evaluated via the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Kovacs, 1956) . Catalase activity was determined by measurement of bubble production after the application of 3 % (v/v) hydrogen peroxide solution. API strips (API 20 NE and API ZYM; bioMérieux) incubated at 22 u C were used according to the manufacturer's instructions to determine the physiological and enzyme activities of strain R2-4 T and of the reference strains. Cell suspensions with a turbidity of 0.5 McFarland were used for API 20NE tests, and cell suspensions with a turbidity of 5-6 McFarland were used for API ZYM tests. Results were recorded after 48 h of incubation for API 20NE strips, and after 5 h of incubation for API ZYM strips. The ability of the strain to oxidize different carbon sources was assessed using the Biolog GN2 system; strain R2-4 T was grown on R2A agar at 22 u C for 48 h and suspended in pre-warmed sterile GN/GP-IF medium [0.40 % NaCl, 0.03 % Pluronic F-68 (Sigma), 0.02 % gellan gum (Sigma)] within the density range specified by the manufacturer (determined with a Biolog model 21907 photometer). The Biolog GN2 MicroPlate was inoculated with 150 ml of cell suspension per well. Inoculated Biolog GN2 plates were incubated at 22 uC and the result was read with a MicroPlate reader, using MicroLog 3 computer software to perform automated reading and identification. Antibiotic susceptibility was tested using the disc-diffusion method (Bauer et al., 1966) with discs impregnated with the following antibiotics (concentration per disc): ampicillin (10 mg), aztreonam (30 mg), ceftriaxone (30 mg), streptomycin (10 mg), kanamycin (30 mg), gentamicin (10 mg), penicillin G (10 U/IE), erythromycin (15 mg), vancomycin (30 mg), chloramphenicol (30 mg), tetracycline (30 mg), polymyxin B (300U/IE), enrofloxacin (5 mg), tobramycin (10 mg), minocycline (30 mg) and mefoxin (30 mg). After 48 h of incubation at 22 u C, strains were classified as sensitive or resistant; any sign of growth inhibition was scored as sensitivity to that antibiotic. Resistance to an antimicrobial drug was indicated if no inhibition zone was observed.
Strain R2-4 T grew well on R2A agar, 0.56R2A agar and NA, but not on TSB agar or MB agar. Cells were Gramstain-negative, aerobic, non-motile, non-spore-forming and rod-shaped. Colonies were red-pink, circular, convex and smooth after growth for 2 days at 22 u C on R2A agar. Growth occurred at 4-30 uC (optimum, 20-22 uC) and at pH 6.0-9.0 (optimum, pH 7.0). The range of NaCl for growth was 0-1.0 % (w/v); optimum growth occurred without NaCl added to R2A agar. Other physiological characteristics of strain R2-4 T are summarized in the species description. Selected characteristics that differentiate strain R2-4
T from related species of the genus Hymenobacter are shown in Table 1 .
The DNA G+C content of strain R2-4 T was determined by HPLC (UltiMate 3000; Dionex) according to the method of Mesbah & Whitman (1989) . Respiratory quinones were extracted and identified by HPLC as described by Xie & Yokota (2003) . For analysis of cellular fatty acids, strain R2-4 T and the three related type strains, H. metalli A2-91 T , H. flocculans A2-50A
T and H. ginsengisoli DCY57 T , were grown on R2A agar plates at 22 u C, and cells from lateexponential phase growth were used. Harvesting, saponification, methylation and extraction of cellular fatty acids were performed following the protocol of the Sherlock Microbial Identification System (MIDI), version 6.0. Separation and identification of fatty acid methyl esters was performed using a gas chromatograph (6890N; Aglient) with MIDI Sherlock TSBA6 (version of the database) (Sasser, 1990) . For polar lipid analysis, strain R2-4 T was grown in R2A broth at 22 u C. The polar lipids were extracted and analysed by two-dimensional TLC (silica gel plates, layer thickness 0.2 mm; Merck) according to Tindall (1990) . The polyamines of strain R2-4 T and H. ginsengisoli KCTC 23674
T were extracted and analysed as described by Busse & Auling (1988) and Busse et al. (1997) .
The DNA G+C content of strain R2-4 T was 61.6 mol%, which is in the range reported for the genus Hymenobacter T contained MK-7 as the predominant respiratory quinone. The major cellular fatty acids of strain R2-4 T were iso-C 15 : 0 (19.3 %), anteiso-C 15 : 0 (14.4 %), C 16 : 1 v5c (16.9 %), summed feature 3 (C 16 : 1 v6c and/or v7c) (27.5 %) and summed feature 4 (C 17 : 1 anteiso B and/or iso I; 6.2 %). The fatty acid profile of the novel isolate was similar to that of other recognized species of the genus Hymenobacter, but differed in terms of proportions. Detailed fatty acid composition data are shown in Table 2 . The major polar lipids of strain R2-4 T were phosphatidylethanolamine, unknown aminophospholipids, unknown aminolipids and unknown lipids. In particular, two unknown lipids (L4 and L5) distinguished strain R2-4 T from the three reference strains (Fig. S1 , available in the online Supplementary Material). The polyamine pattern of
H. perfusus A1-12 T (HM032896)

H. rigui WPCB131 T (DQ089669)
H. xinjiangensis X2-1g T (DQ888329)
H. gelipurpurascens Txg1 T (Y18836)
H. yonginensis HMD1010 T (GU8808562)
H. psychrotolerans Tibet-IIU11 T (DQ177475)
H. aerophilus I/26-Cor1 T (EU155008).
H. psychrophilus BZ33r T (GQ131579).
H. actinosclerus IFR 1187 T (Y17356)
H. norwichensis NS/50 T (AJ549285) 'H tibetensis' XTM003 (EU382214)
H. roseosalivarius AA718 T (Y18833)
H. elongatus VUG-A112 T (GQ454797)
H. chitinivorans Txc1 T (Y18837)
H. daecheongensis Dae14 T (EU370958)
H. algoricola VUG-A23a T (EU155009)
H. fastidiosus VUG-A124 T (EU155015)
H. metalli A2-91 T (HM032898)
H. ginsengisoli DCY57 T (JN090860)
H. flocculans A2-50A T (HM032897)
H. arcticus R2-4 T (KC213491)
H. arizonensis OR 362-8 T (JX294485).
H. glaciei VUG-A130 T (GQ454806)
H. antarcticus VUG-A42aa T (EU155012)
H. soli PB17 T (AB251884)
H. ocellatus Myx 2105 T (Y18835)
H. deserti ZLB-3 T (EU325941)
Adhaeribacter aerophilus 6424S-25 T (GQ421850) On the basis of the data presented, strain R2-4 T should be classified as a member of a novel species of the genus Hymenobacter, for which the name Hymenobacter arcticus sp. nov. is proposed.
Description of Hymenobacter arcticus sp. nov.
Hymenobacter arcticus (arc9ti.cus. L. masc. adj. arcticus northern, arctic, referring to the site from where the type strain was isolated).
Cells are Gram-stain-negative, non-spore-forming and nonmotile. Cells are rod-shaped, approximately 0.5-1.3 mm wide and 3-4 mm long. Colonies are red-pink, circular, convex and smooth after growth for 2 days at 22 u C on R2A agar. Growth occurs at 4-30 u C (optimum, 20-22 u C) and at pH 6-9 (optimum, pH 7). Tolerates up to 1 % (w/v) NaCl added to R2A agar, but optimum growth occurs without NaCl added to R2A agar. Grows aerobically and is heterotrophic. Oxidase-negative and catalase-positive. In the API ZYM test, there are positive reactions for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, bgalactosidase, a-glucosidase, b-glucosidase and N-acetyl-bglucosaminidase, and negative reactions for lipase (C14), trypsin, chymotrypsin, b-glucuronidase, a-mannosidase and b-fucosidase. Based on API 20NE test data, there are positive results for aesculin hydrolysis and galactosidase activity; other activities test negative. Biolog GN2 tests show that it oxidizes dextrin, L-arabinose, cellobiose, D-galactose, gentiobiose, a-D-glucose, a-lactose, maltose, D-mannose, sucrose, trehalose, turanose, a-ketobutyric acid, L-alanyl glycine, Lglutamic acid, glycyl L-glutamic acid and L-leucine; other substrates from this test are not oxidized. Sensitive to mefoxin, enrofloxacin, chloramphenicol, amoxicillin, tetracycline, erythromycin, vancomycin, rifampicin and tobramycin, but resistant to gentamicin, penicillin, kanamycin, streptomycin, polymyxin B and minocycline. The predominant respiratory quinone is MK-7 and the major cellular fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 1 v5c, summed 
63.4* 61.6* 58.9D *Data from Chung et al. (2010) . DData from Hoang et al. (2013) . *Summed features are groups of two or three fatty acids that cannot be separated by GLC with the MIDI system. Summed feature 1 contains iso-C 15 : 1 -H and/or C 13 : 0 3-OH; summed feature 2 contains iso-C 16 : 1 -I and/or C 14 : 0 3-OH; summed feature 3 contains C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 4 contains C 17 : 1 anteiso B and/or iso I; summed feature 8 contains C 18 : 1 v7c and/or C 18 : 1 v6c; summed feature 9 contains iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl.
